ABSTRACT: Occurrences of fossil marine diatom resting spore genus Liradiscus Greville are described from the middle Eocene to middle Miocene samples of Deep Sea Drilling Project Leg 38 Site 338 in the Norwegian Sea. The genus Liradiscus is characterized by a thick frustule sculptured by numerous veins. In this paper, five new taxa (L. cucurbitus, L. castaneus, L. castaneus var. reticulatus, L. caepus and L. nimbus) are described, and their stratigraphical ranges are presented. These species are short-ranging and may be potentially useful biostratigraphic markers to improve resolution of diatom biostratigraphy of the Norwegian Sea. Liradiscus castaneus var.
INTRODUCTION
Chaetoceros is a planktonic centric diatom genus forming clonial chains. One third of Chaetoceros species are known to form resting spores (Stockwell and Hargraves 1984) , which are thick-walled and morphologically distinct from vegetative cells (Garrison 1984) . Because of their thick silicification, spores are preserved as fossils in sediments, and a large number of fossil resting spore morpho-genera of Chaetoceros-like taxa have been reported and described, indicating Dicladia, Syndendrium , Xanthiopyxis, Liradiscus and Monocladia (e.g. Ehrenberg 1844 Ehrenberg , 1854 Greville 1865a; Suto 2003a . However, the taxonomy and biostratigraphic studies treating fossil resting spores have been very limited (e.g. Gersonde 1980; Akiba 1986; Lee 1993; Suto 2003a Suto , b, 2004a Suto -e, 2005a , because their respective vegetative cells are rarely preserved with resting spores.
Of these genera, Liradiscus, which was erected by Greville in 1865 (Greville 1865a) , is characterized by a thick frustule sculptured by veins with a single ring of puncta on the hypovalve (Suto 2004a) . Since Chaetoceros plays a significant role in marine primary production (Garrison 1984; Hasle and Syvertsen 1996) , it is important to build a firmer taxonomic basis of Liradiscus for understanding past environmental change. Suto (2004a) has already described eleven Liradiscus species in the North Pacific. However, further taxonomic studies are needed to complete the taxonomy of this genus, because detailed examination has been limited to the Neogene of the North Pacific. In this paper, taxonomy and biostratigraphy of the genus Liradiscus including five new species are described in the Norwegian Sea using Eocene, Oligocene and Miocene samples from the Deep Sea Drilling Project Leg 38 Site 338.
MATERIALS AND METHODS
In this study, eighty samples of a nearly complete section of Tertiary sediments of DSDP Leg 38 Site 338 (67°47.11'N, 05°23.26'E; water depth 400.8m) are examined (text- fig. 1 ).
These samples contain well-preserved diatoms of middle Eocene, Oligocene and early to middle Miocene in age. The diatom biostratigraphy of this site was reported in detail by Schrader and Fenner (1976) , Dzinoridze et al. (1978) and Fenner (1985) and the zonation in the Miocene was revised by detail LM diatom observation in this study. North Pacific samples from DSDP Site 436 and 438, and the Newport Beach Section have been described in Suto (2004a) . Most samples investigated in this study include well-preserved and abundant diatom and resting spore assemblages. The preparation and counting methods of resting spores followed Suto (2004a) . L. cucurbitus, L. castaneus var. castaneus and, L. castaneus var. reticulatus, L. caepus and L. nimbus (text-figs. 2, 3) . The results of counting of Liradiscus species encountered during a count of 100 resting spore valves in LM and their stratigraphical distributions are shown in table 1 and text-figure 4, respectively. General morphological terms are after Anonymous (1975) and Ross et al. (1979) . The morphogeneric name of Liradiscus is used for the fossil resting spores according to Articles 3.3 and 3.4 of the International Code of Botanical Nomenclature (Greuter et al. 2000) . This study follows the diatom zonation of Akiba (1986) and Yanagisawa and Akiba (1998) for the Miocene, Pliocene and Pleistocene, and that of Scherer and Koç (1996) addition to Schrader and Fenner (1976) Stratigraphic occurrence: At DSDP Site 338, the rare but continuous occurrences of this species are recognized from the earliest Miocene Zone NPD 1 to the middle Miocene Zone NPD 4B (text- fig. 4 ). Fenner (1978) is identical to L. cucurbitus by its flexuose net-like veins on both valves with elongated spines.
RESULTS

This paper describes five new taxa,
Remarks: L. ovalis in
Etymology: The Latin cucurbitus means "pumpkin".
Liradiscus castaneus Suto n. sp. 
TEXT-FIGURE 4
Stratigraphic occurrences of species in the genus Liradiscus at DSDP Sites 338 and 436, and in the Newport Beach Section. Diatom zones and NPD codes in the Miocene, Pliocene and Pleistocene are revised after Yanagisawa and Akiba (1998) , and diatom zones in the Oligocene and Eocene after Schrader and Fenner (1976 Comparison: This species is distinguished from other Liradiscus species by the strongly elevated valve covered with radiating net-like veins originating from the top of the elevation. This species is similar to L. plicatulus Hajós in possessing an elevation of valve, but is distinguished from the latter by lacking circular veins on the elevation.
Stratigraphic occurrence:
This species is recognized only in the Norwegian Sea in the interval from the latest early Miocene Zone NPD 2A through the early middle Miocene Zone NPD 4B (text- fig. 4 ).
Etymology:
The Latin caepus means "onion".
Liradiscus nimbus Suto n. sp.
Text-fig. 3R; Plate 3, figs. 6a-9b
Liradiscus ovalis Greville sensu SHIRSHOV 1977 , pl. 33, fig. 8. -NIKOLAEV et al. 2001 Description: Valve oval in valve view, apical axis 11. Greville sensu Shirshov (1977) collected from oceanic bottom sediments, and that of Nikolaev et al. (2001) reported from the late Cretaceous Moreno Formation in California are identified as L. nimbus because their specimens are completely covered with net-like veins without spines.
Remarks: Liradiscus ovalis
Etymology: The Latin nimbus means "cloud".
Liradiscus plicatulus Hajós
Text- figure 3A , B
Liradiscus plicatulus HAJÓS 1968 , p. 114, pl. 28, fig. 10. -SUTO 2004a Stratigraphic occurrence: The rare and sporadic occurrences of this species are recognized from an early Oligocene to middle Miocene interval at DSDP Site 338 (text- fig. 4 ).
Liradiscus japonicus Suto
Text-figure 3G, H
Liradiscus japonicus SUTO 2004a, p. 69, pl. 3, figs. 1a-10 Stratigraphic occurrence: At DSDP Site 338, this species is recognized from early Oligocene to middle Miocene (text- fig. 4 ).
Liradiscus petasus Suto
Text-figure 3I, J; Plate 3, figs. 10a-13b
Liradiscus petasus SUTO 2004a, p. 70, pl. 2, figs. 26a-35.
Stratigraphic occurrence: At DSDP Site 338, the occurrences of this species are recognized in the interval from the late early Oligocene to middle early Miocene (text- fig. 4 ). The age of occurrences in the Norwegian Sea differs from that of in the North Pacific Ocean (early late Miocene, see Suto 2004a).
Liradiscus reticulatus Suto
Text-figure 3M, N; Plate 3, Figs. 14a-16b) Liradiscus reticulatus SUTO 2004a, p. 70, pl. 2, figs. 21a-25 Stratigraphic occurrence: At DSDP Site 338, this species occurs continuously in the early Miocene Zone NPD 1 thorough Zone NPD 2A (text- fig. 4 ). The age of occurrences in the Norwegian Sea is different from that of in the North Pacific Ocean (middle late Miocene, see Suto 2004a).
Liradiscus pacificus Suto
Text-figures 3O, 3P
Liradiscus pacificus SUTO 2004a, p. 70, pl. 3, figs. 11a-15. Stratigraphic occurrence: In the Norwegian Sea, this species occurs continuously from a latest Oligocene to middle Miocene interval (text- fig. 4 ).
DISCUSSION
The genus Liradiscus is composed of sixteen species (text-figs. 2, 3; table 2). These species are divided into two groups by their valve outline; circular and elliptical groups.
The circular group is composed of six species; L. barbadensis, L. minutus, L. akibae, L. cucurbitus, L. castaneus var. castaneus, L. castaneus var. reticulatus (text- fig. 2 ). Liraduscus barbadensis, L. minutus and L. akibae were not encountered in this study.
TEXT-FIGURE 5
Stratigraphic ranges of Liradiscus species at DSDP Sites 338, 436 and 438, and in the Newport Beach Section. Diatom zones and NPD codes are after Yanagisawa and Akiba (1998) for the Pleistocene, Pliocene and Miocene, and those after Schrader and Fenner (1976) for the Oligocene and Eocene. Yanagisawa and Akiba (1998) , and those in the Oligocene and Eocene after Schrader and Fenner (1976) .
The elliptical group consists of ten species; L. ovalis, L. ellipticus, L. bipolaris, L. plicatulus, L. japonicus, L. petasus, L. pacificus, L. reticulatus, L. caepus and L. nimbus (text- fig. 3 ). Liradiscus ovalis, L. ellipticus and L. bipolaris were not found in this study.
The occurrences of L. petasus and L. reticulatus are differentiated from those of other species. In the North Pacific, L. petasus occurs in a short interval from the early late Miocene Zone NPD 5D through the middle late Miocene Zone NPD 6B and L. reticulatus has a very short range in the middle late Miocene Zone NPD 6B (Suto 2004a) . On the other hand, their occurrences in the Norwegian Sea are from the late early Oligocene to the middle early Miocene and from the early Miocene Zone NPD 1 to the Zone NPD 2A, respectively (text-figs. 4, 5). Suto (2004a) mentioned that these species might constitute a phylogenetically related group because they are very similar each other, however, the differences in age ranges of these species between the North Pacific and Norwegian Sea may suggest that they are allopatric and constitute distinct species, or they may be due to the regional environmental differences. It is necessary to investigate these species in other regions in order to claify these differences in age ranges indicate that these species are same or different ones.
Liradiscus is characterized by a thick frustule sculptured by veins with a single ring of puncta on the hypovalve and similar to the fossil Chaetoceros resting spore morpho-genera Vallodiscus Suto and Truncatulus Suto, because all of them possess several types of veins on the valve surfaces. Vallodiscus is clearly distinguished from this genus by possessing a single ring of veins along the epivalve margin and a hypovalve covered with circular depressions of several sizes with gentle elevations (Suto 2005a) . Truncatulus is separated easily from Liradiscus by the circular, elliptical or polygonal flat plate on the truncated elevation of oval to elliptical epivalves and/or hypovalves (Suto 2006) . Vallodiscus and Truncatulus may be in a close phylogenetic relationship between them because all of them possess ring of puncta on their hypovalve mantles. They must be fossil resting spores produced from vegetative cells of Chaetoceros, but the evolutional relationships are not unclear because their vegetative valves do not preserved as fossils.
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